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ON THE DESIGN AND TEST OF A LON NOISE PROPELLER 
Introduction 

An extensive review of noise and performance of general 
aviation propellers was performed at MIT^. Research was done in 
three areas: A review of the acoustic and aerodynamic theory of 

general aviation propellers, wind tunnel tests of three one- 
quarter scale models of general aviation propellers, and flight 
test of two low noise propellers. 

One of the two low noise propellers was designed and tested 
at MIT and has already been described^. The second propeller was 
designed at MIT and flight tested at OSU. The design and testing 
of the second propeller is reviewed herein. 

This report describes the general aerodynamic considerations 
needed to design a new propeller, reviews the design point 
analysis of low noise propellers, and finally, compares the 
predicted and measured noise levels. 

Aerodynanio Considerations 

To design a fixed pitch propeller for an existing aircraft 
there are two points to consider. First, the propeller must be 
matched to the engine. Second, the power resulting from the 
engine propeller combination must be matched to the needs of the 
aircraft. Fig. 1 illustrates this problem. 

In Pig. 1, the vertical axis is power and the horizontal 
axis is aircraft speed. The solid black line represents the 
power needed to overcome aircraft drag at any particular 
velocity. This power is given by the expression: 
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P - V D 
D - V 2 P 
Cj3 - CjARe + 

Cl " n»gA'2 P S 

Here P ■ Power 

V ■ Aircraft Velocity 
Cjj- Drag Coefficient 
CjjQ ■ Drag due to skin friction 
■ Aircraft Lift Coefficient 
R ■ Wing Aspect Ratio 
S ■ Wing Area 
e ■ Span efficiency 
mg ■ Aircraft Weight 

These coefficients represent. In a simplified manner, the 
performance of the aircraft. This performance Is summarized In 
the drag coefficient Cj^ which. In turn, has two parts. Cj^^ repr- 
esents the drag coefficient due to skin friction, Cl^ARc repre- 
sents the Induced loss of a finite aspect ratio wing. Further 
description of these characteristics may be found In Introductory 
aerodynamic texts^. For our purposes, it Is sufficient to note 
that these coefficients were measured at OSU and are summarized 
In the following table. 
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Table 1 

Aircraft Characteristics 


Parameter 

Value 

Comment 

S 

13.44 M^ 

144.6 ft^ wing ar 

^Do 

.05 

skin friction 
coefficient 

R 

7.415 

aspect ratio 

e 

0.65 

span efficiency 

mg 

9029.9 N 

2030 lbs (utility 
weight) 


The heavy dashed line in Pig. 1 represents the power 
available from the production engine propeller combination, with 
the engine operated at full throttle. This power is the product 
of the propeller thrust times the aircraft velocity. The produc- 
tion engine propeller power was deduced from two observations. 
First, the fastest sea level velocity attained by thi aircraft 
was 63.2 M/S (141. M mph). Second, the best rate of climb occurs 
at 40 M/S (90 mph) and is approximately 4 M/S (800 ft/mln). 
Wherever the power available exceeds the power needed to overcome 
aircraft drag, the aircraft can climb. The velocity at which the 
two curves Intersect is the peak forward velocity. 

The acoustic design point is the full power flyover at 305 m 
(1000 ft) altitude which is specified in FAR 36^. The acoustic 
goal is to reduce the propeller noise, as measured by a ground 
observer, with no loss in aerodynamic performance. Hence, the 
design point is to match the propeller performance during a full 
power level flyover. The procedure is to design a propeller 
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which minimizes the Induced losses at the design condition. 
There are six parameters needed to specify the design of a 
minimum Induced loss propeller. These are given In Table 2, 
along with the associated values for the existing propeller. 

Table 2 

Propeller Design Specifications 


Parameter 

Existing 

Propeller 

New 

Propellc r 

Comment 

Air Density 

1.225 KG/M^ 

1.225 KG/M^ 

Sea Level 

Velocity 

63.2 M/S 

63.2 M/S 

Max. Velocity 

Rotation Rate 2700 RPM 

2700 RPm 

Max .Rotation 
Speed 

Power 

122 kw (164 hp) 

122 kw (164 hp) 

Max Eng. Pwr. 

Blades 

2 

3 


Radius 

.97 M (38”) 

.87 (34”) 



The Implied constraint Is that the efficiency (85X) be 
approximately the same for both. This Is discussed In greater 
detail In the next section. The measured properties of the new and 
existing propell*''rs demonstrated that they were Identical during 
a full power flyover. 

However, as evident In Fig. 1, It Is Important to maintain 
aerodynamic performance of over a range of airspeed. The 
procedure used to analyze this performance Is Indicated In Figs. 
2a, 2b, 2c. Fig. 2a represents the measured engine power versus 
rotation speed on the OSU aircraft. This was given by the appro- 
ximate equation 

P « 322.3 + .04i»7 (X-2700) 
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where P Is the engine power In kilowatts, and X Is the engine 
RPM. One point to note Is that the measured peak engine power 
122 kw (164 hp) Is less than the rated power 134 kw (180 hp). 

Pig. 2b and 2 c represent the calculated propeller 
characteristics. These are given In non-dime ns lonal form as 
power coefficient (C « P / Vgpn^R^) and thrust coefficient (Cm * 

- O li ^ ^ 

T / y 2 pr. R ) versus advance ratio (V/fiR). Here « 2"n, n Is the 
rotation rate and R the propeller radius. 

The procedure for constructing these curves Is given In 
Reference 5. Several general points should be made. First, the 
propeller Is designed to support a load distribution which 
minimizes the Induced loss for the conditions listed In Table 
2. This procedure gives load distribution which. In turn, 
specifies the product of the chord times the section lift. Air- 
foil sections are chosen to operate at the maximum lift to drag 
ratio for the condition. In this Instance the sections are NACA 
64 series alrfolis. Given the section lift, the chord and angle 
distribution versus radius Is determined. The Influence of the 
aircraft nacelle Is accounted for approximately by assuming lower 
Inflow velocities near the hub. 

Once the geometry of the propeller Is specified, and the 
airfoil section properties tabulated. It Is then possible to 
construct the curves given In Pig. 2b end 2c. One parameter Is 
absent from Pig. 2b and 2c: the propeller Mach number. The Mach 

number Is Important because the airfoil section properties depend 
on Mach number. To accomodate the effect In an approximate way. 
Figs. 2b and 2c are constructed for a propeller rotating at 2700 
RPM. A more accurate analysis would require a series of curves 
to be constructed for each Mach number. This Is more detail than 
needed for a preliminary analysis. 
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To synthesise the engine-propeller curve of Pig. 1, follow 
the steps listed In Pig. 2. First, select rotation rate from the 
engine curve; this gives an engine power (Pig. 2a). Given the 
power and rotation rate, find the advanced ratio at which the 
propeller power absorption matches the engine power (Pig. 2b); 
this gives the aircraft velocity. Now, from the advance ratio, 
find the thrust produced by the propeller (Pig. 2c). The product 
of this thrust times the velocity, plotted against velocity, 
yields a power curve similar to that plotted In Pig. 1. 

Design Point Analysis 

Table 2 shows that the new propeller differs from the old 
propeller In that It has three blades and a reduced diameter. 

The strategy Is to combine two noise reduction methods In such a 
way that the efficiency Is maintained. This strategy Is based on 
methods developed for reducing noise on the MIT aircraft^. This 
aircraft is similar to the OSU aircraft in that the propeller 
diameter and rotation speed are Identical. The largest 
difference Is that the MIT aircraft has a 150 hp engine, whereas 
the OSU aircraft has a 180 hp engine. However, the similarities 
outweigh the differences and the same design charts used for the 
MIT aircraft were used for the OSU aircraft. 

The goal is to minimize the peak dBA levels recorded by a 
ground observer as the aircraft files a level path at an altitude 
of 304.8 meters. The test condition must be In accord with those 
specified In PAA Advisory circular 36-lA(a). Appendix P, Section 
36.111, paragraph 6 states ”0ver flight must be performed at 
rated maximum continuous power." In accordance with this regula- 
tion, the design point Is top speed at full power at the red line 
RPM. The maximum sound level on the ground occurs when the 
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aircraft is 5® past the zenith. This is the point at which the 
sound is computed in the design charts. 

In Pig. 3a and 3b the effect of changing the number of 
blades is examined. Pig. 3a illustrates the effect on propeller 
efficiency. The figures were constructed by designing a series 
of minimum indlced loss propellers. As the number of blades 
increases, the efficiency Increases and both the sound level 
decreases at a slower rate than the unweighted sound level 
because the blade passing frequency increases with the number of 
blades. 

The noise is changed by altering the source strength. 

Compare a two and three blade propeller, each of which absorbs 
the same power. A blade of the two blade propeller must provide 
1 V 2 times more force than a blade of a three blade propeller and 
must have, approximately, a chord 1 V2 times as large. Because 
the peak sound level is dominated by conditions on a single 
blade, this fact means that the source strength for both the 
thickness and loading terms must be larger on the propeller with 
fewer Oj-ades. 

In Pig. 4a and 4b the effect of axterlng the radius is 
examined. Pig. 4a Illustrates the effects on sound level. Pig. 

4b illustrates the effects on propeller efficiency. (Once again, 
the figures are constructed by designing a series of minimum 
Induced loss propellers.) 

The horizontal axis is the propeller radius as a percentage 
of the production propeller radius. As the radius Increases the 
efficiency Increases and both the sound level and A-welghted 
level increase. The noise Is changed by altering the tip 
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speed. Because the rotation Is fixed at 2700 RFM, the tip speed 
Is directly proportional to the propeller radius. 

The two noise reduction strategies were combined as 
follows: A minimum Induced loss propeller was designed with th>? 

characteristics of the production propeller listed In Table 
2. Next, a second propeller was designed with three blades. This 
change reduced the sound level ami Increased the efficiency. 
Finally, the radius of the three blade propeller was reduced to 
90 % of the original value. This further reduced the noise and 
reduced the efficiency down to its original value. An off-deslgn 
analysis showed that this propeller would operate approximately 
the same as the original. This meant that It would be quieter 
than the original propel. ar for all flight velocities. Its tip 
speed would always be lower, because of the smaller radius, and 
the source strength would always be 2/3 of that of a comparable 
two blade propeller. 

Data Review 

OSU has flight tested the low noise propeller. Aerodynamic 
observations indicate no degradation in performance at the design 
point. That Is, at full throttle during level flight, the engine 
rotated at 2700 RPM and the aircraft flew at the e .me airspeed. 

Acoustic comparison of the new and old propellers Is given 
in Pig. 5. The horizontal axis In flight speed and the vertical 
axis is the sound level measured with a wing -mounted 
microphone. This microphone was mounted in the disk plane at 
1.90 (6.22 ft) from the propeller axis. The measurements were 
taken at several airspeeds during level flight at 1524M (5000 ft) 
altitude. At all flight speeds the new propeller Is four to six 
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dB quieter than the old. Also listed on the figure Is the 
difference In noise level of the old propeller with and without a 
muffler attached to the engine. That the noise level was reduced 
after attaching the muffler Indicates the engine Is also an 
Important noise source for this aircraft. Nontheless, the engine 
noise problem was easily suppressed, and propeller alterations 
yielded still further noise reductions. 

Figure 6 compares the predicted and measured sound levels 
for the new propeller. The sound level measured with the wing 
mounted microphone Is compared to predictions for a range of 
flight speeds. The predictions were made given only the shape and 
motion of the propeller, no empirical adjustments were made. The 
first step Is to calculate the propeller loads using the lifting 
line theory described In Reference 5c Next, the sound field Is 
calculated using the known propeller shape, motion and load 
distribution. In Figure 6, the measurements Include all noise 
sources. Better agreement Is obtained If ;he measurements are 
processed to extract the propeller noise. This procedure, w’ 

Is developed In Appendix A, Is to compute the measured value- 
from the Fourier spectra. The amplitude at each propeller 
harmonic Is measured with a caliper. These harmonic amplitudes 
are then added logarithmically to give the measured SPL. 

Agreement to IdB is possible at all flight speeds. 

Figure 7 compares the measured at predicted Fourier spectra 
for the high speed flight. Only the blade passing harmonics are 
shown. The figure Indicates that the spectra Is predicted 
accurately. Other comparison and a discussion of the background 
noise are found In Appendix A. 

Figure 8 compares the measured and predicted pressure time 
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signatures for tl: ''Igh speed flight. Again measurement and 

predictions agree. However, some systematic differences are 
apparent. The predicted negative amplitude exceeds the measured 
amplitude for the first and fourth pulse In Fig. 8. This 
Indicates that one blade emits slightly less noise than the 
others. Errors In the blade angle setting were recorded by OSU. 
Hence, the small negative sourl pulse Is most likely due to a 
smaller blade load. 

Conclusions 

Flight tests on a new low noise propeller have demonstrated 
that this propeller is 4 to 6 dB quieter than the production 
propeller with no measureable reduction In aerodynamic 
performance. This propeller was designed using procedures 
developed at MIT during a study of the noise and performanv-e of 
propellers for light aircraft. 

A comparison of the calculated acoustic signature to the 
measured signature shows that the theory accurately describes the 
noise from the new propeller. This study demonstrates that; the 
technology Is now available for the control of noise In general 
aviation propellers. 
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APPENDIX A 

FURTHER COMPARISONS OP MEASUREMENT TO THEORY 

Ohio State has summarized their acoustic observations for 
two flights. On flight 30, the MIT propeller was set at approxi- 
mately 0.2® less than Its nominal pitch; on flight 3^, the MIT 
propeller was set at approximately 2.0® less than Its nominal 
pitch. During each flight a number of runs were made. Each run 
corresponds to a particular aircraft velocity. A summary of 
flight conditions Is given In Tables A1 and A2. 

Information on the sound level Is also given In these 
tables. The column labeled "Overall SPL" contains the 
Information supplied by OSU. The column T oeled "Measured 
Propeller SPL" Is computed at BBN. The height of each propeller 
harmonic amplitude given In the Fourier spectra Is measured with 
a caliper. The harmonic amplitudes ar-"' then added 
logarithmically to give the measured SPL. The column labeled 
"Calculated Propeller SPL" contains the predicted sound levels 
computed at BBN. 

The overall SPL exceeds the measured propeller SPL In Table 
A1 and A2 because of the Influence of background noise. There Is 
one significant exception to this rule. These are for flight 3^» 
run 13^ rule. In this Instance the measured propeller SPL 
exceeds the overall SPL. This Is probably due to plotter 
error. This Is also the only run In which the measured spectra 
exceeds the calculated spectra by a significant amount. 

Figure A1 Is an example of the measured Fourier apectra. 
Superimposed on this figure Is a line Indicating the engine 
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harmonics. The propelx^r harmonics are labeled Pj^. The MIT 
propeller has thi*ef blades, hence the fundamental blade passing 
frequency Is three times the shaft frequency. The engine has 
four cylinders, each cylinder fires at one half the shaft 
frequency, hence the fundamental engine frequency Is twice the 
shaft frequency. The engine and propeller harmonics are 
Identical at every other propeller harmonic starting with P 2 » Of 
particular Interest Is a second set of harmonics labeled 
Each of these Is at the propeller frequency minus the shaft 
frequency. Not all of these harmonics correspond to engine 
harmonics. In particular I 2 and I^j are neither propeller nor 
engine harmonics. That the second, fifth and ninth engine 
harmonics are burled In the noise Indicates that the sequence of 
peaks labeled I^ (for Interaction harmonic) constitute a separate 
phenomena. One possible cause of these Interaction harmonics Is 
a non linear Interaction between the sound from the engine and 
the sound from the propeller. This Interaction can yield 
additional tones at sums and differences of the engine and 
propeller frequencies. 

Figures A2 to A17 compare the measured and predicted 
acoustic spectra. Close agreement Is evident In all cases except 
for run 13^ (Fig. A17). The predictions were made given only the 
shape and motion of the propeller. First the blade loads were 
calculated, then the acoustic signature was calculated. No 
empirical adjustments are needed. 
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APPENDIX B 
NOTES ON THE DATA 

Ohio State has spent some time developing a data package to 
summarize the flight test measurements. For each run a packet of 
Information Is supplied. This packet consists of two tables and 
three graphs. There are some small Inconsistencies In this 
Information package which are reviewed here. 

Tables B1 and B2 are supplied by OSU for each run. Table B1 
summarizes the engine operating conditions. Table B2 summarizes 
the frequency spectra. On Table B1 there are several propeller 
rotation rates indicated: 2700, 25**1, and 2697 RPM. The first 

rate Is the approximate reading of the flight engineer, the 
second rate Is the tachometer reading and the last rate xs that 
deduced from the Fourier spectra. In all the BBN calculations, 
only the rate deduced from the Fourier spectra Is used. 

Table B2 contains two sets of measurements. One set gives 
the co»"nuted harmonic amplitudes using an FFT routine, the second 
set gives the results of a real time spectrum analyzer. The 
results of the FFT do not agree with the spectrum analyzer. 
Furthermore, the tabulated data appears to be the peak amplitude 
at each harmonic and not the RMS amplitude. 

Let A be the amplitude of the 1^^ harmonic given In Table 
B2. If the sound level Is 20 log (Aj^/2 x lO"^)^ then this sound 
level exceeds that given In the plotted spectra by approximately 
3 dB. Because 3 dB Is approximately 20 log 2, the amplitudes 
Hated In Table B2 are most probably the peak amplitudes at each 
harmonic. 


B-1 
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Three figures ere elso supplied with each run. Pig. B1 is a 
plot of the peak sound level at each harmonic. This is a plot of 
the column labeled PASTPT in Table B2. Pig. B2 is a plot of the 
sound level versus frequency. Each of the peaks in Pig. B2 
labeled is a propeller harmonic. These peaks are 20 log 
(Aj^/ 2 X 10'^) where A^ is the amplitude listed in Table B2. 

Pig. B3 presents the pressure time signature. 

There appears to be two errors in the time signature. 

Pirst, if the period is measured with calipers then the measured 
period is .02351.002 sec, which corresponds to a rotation rate of 
approximately 25^1 RPN. However, the measured blade passing 
frequency in Pig* B3 is 136lM Hz which corresponds to a rotation 
rate of approximately 2697 RPN. This is a error. Apparently 
the pressure time signatures are based on the tachometer RPM. 
Because the tachometer reading is suspected to be in error, the 
period should be corrected as is done in Pig. 8 of this test. 

The second error in the measured pressure time signature is 
the sign of the amplitude. The pressure signature In Fig. B3 
shows a slow drop In pressure followed by a steep rise. Also, 
the peak negative amplitude Is larger than the peak positive 
amplitude. The calculated pressure signature shows precisely the 
opposite effect. In the calculation a slow rise In pressure Is 
followed by a steep drop. Also the peak positive amplitude Is 
larger than the peak negative amplitude. The error Is one of 
sign, and the data can be corrected by multiplying all measure- 
ments by -1. The probably source of error Is the Interpretation 
of the voltage reading from the microphone. For condensor micro- 
phones a negative voltage corresponds to a positive pressure. 

This correction Is also made on Fig. 8 in this test. 
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